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ABSTRACT

A conventional motorized street flusher vas evaluated as a suit-
able decontamination tool to be used in the operational recovery of
extensive paved areas contaminated with fallout from a land-surface
nuclear detonation. The selection of fallout parameters such as par-
tic'Le size and initial mass levels was based on a theoretical fallout
model.

The flusher nozzle orientation was adjusted for maximum de-ontami-
nation effectiveness. This adjustment can be applied to any flushe-
tr, be used for similar purposes. Using a fixed set of flusher adjust-
ments and constant-size test area, the effects of 4 particle size
ranges, 3 mass levels, and 2 types of surfaces on removal etfectiveness
were determined.

The least effective removal by flushing (2.2 g/ft
2 

residual mass)
for a given expenditure of effort was obtained at high initial mass
loadings (100 to 600 g/ft

2
) on asphalt surface using small particles

(44-88 g and 88-177 p). The best removal effectiveness by flushing
(0.06 g/ft

2 
residual mass) for the same expenditure of effort was

obtained using low initial mass loading (26 g/ft
2

) on concrete surface
with 350 to 700 p particle sizes.

A majority of the tests conducted were in agreement with previously
developed theoretical equations describing decontamination in terms of
residual sass as a function of expended effort.

• , i " I' I•i



SUIARY

The Problem

Reclamation of extensive paved areas contaminated with fallout
from a land-surface nuclear detonation may be required. The decon-
tamination procedure used, of the several available, depends on the
particular environmental and contamination conditions in conjunction
with the capabilities of the procedures. In regions where an adequate
water supply is available, wet decontamination such as motorized flush-
ing may be the primary procedure; or it may be used in combination with
dry procedures as a final clean-up ntthod. Therefore motorized
flushing should be evaluated under predicted fallout conditions of
mass loadings, particle sizes, and surface roughness. Variation in
machine parameters such as water pressure, nozzle orientation, and
speed should be tested to determine the conditions of optimum effec-
tiveness for decontamination purposes.

Findin•s

Using radionuclide-traced sand to simulate dry fallout tram a
nuclear weapon detonation on a land surface, motorized flushing
effectiveness data were obtained for one optimum combination of machine
and operational parameters. This optimum cambination was tested under
several environmental conditions including mass levels of 20, 100, and
6)0 g/ft2 , and particle size ranges of 44-853 p, 88-177? i's 177-350 Vi
and 350-700 P, on asphalt and concrete surfaces.

The effectiveness achieved depended upon the critical adjustment
of flusher parameters which included nozzle orientation and nozzle
Pattern adjustments. The highest degree of effectiveness achieved was
with low mass loadings (20 g/ft2 ) on concrete surface using large par-
ticle sizes (350-700 p and 177-350 P). The observed rate of removal
as well as final residual mass obtainable were a function of mass load-
Ing and particle size.
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fREOVAL EFEFr;VENkSS OF SIMUIA¶SD DRY FATIaJT F"14 PAVED ARFAS BY
C0OUVENTIONAL 14M'ORIZED S2¶ET nAJ1{

USNRDL-TR-797, dated 18 June 1 9 64
by D. E. Clark, Jr., and W. C. Cobbin

SPECIAL SUIMMRY (Pages A-D, inclusive; for (;CD use as detached
document)

PURPOSE AND OBJSC1VES

Recovery from a land-surface nuclear weapon detonation requires
that proper countermeasures be used during the various pinses of radio-
loGical recovery activity. In regions where enough water is available
for large-scale decontamination, motorized flushing could be applicable
to cleaning extensive paved areas such as streets. To detezain. the
decontamination capability of a ccmmercially available motorized street
flusher, one vas tested under controfled environments of siwjuated
fallout using optimum machine adjustments.

Previous evaluation of wet deccntamiratioa ptocedres and the
recently developed concepts of fallout environment slsAtion indicated
tbat the evaluation tests attempt to:

a. Verify previously established wet method contamination pam-
meter relationships, or establish new relationships.

b. Determine specifically and separately the effects of the
following on decontaminaticn effectiveness:

{1) Deposited initial oas levels.
2) Particle size.
3) Surface roughness.

A study was made of the removal effectiveness of sifalated faflAt
from asplbalt and concrete surfaces by a motorized strect flusher, and
the following objectives were met;

a. Measure and select the best operative conditions for available
motorized street flushers, including Iprovements in equipment
and operational procedures.

b. Determine the decontamination effectiveness of motorized
street flushers performing at optima operating conditions of nowzle
orientation, vater pressure, and forward speed, in the uowal Or fall-
oat simualnt of -- r•ious particle sizes end mass loadins from nvaed
surfaces rf epbaýts and concrete.
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Optimum v,cntive conditions, and adjstment. %i nozzle orient-
tion and vater presure, vere Cetermined by snll-s.ole jrnlainlry
tests. T1hen 2: full-scale tests vere conducted at a interailate
upeed (6 mph) and the best operational procedure (involving flmusag
sequence and nozzle arragement) to deteraia• tie offect of surface
roughnuess and fallout parsaeters of moo lioeding and par"•cle siz on
decontainLaticn affeetiveness. The extent to vhlch these effect e
Iivesti6*ted by the 22 tests is ndic, tad in the table below.

Initial Mass Surface Particle Size & O W

2D A X X XX X
2D C X I )X X

100 A X X II I
100 C X X Il K
600 A IE

C - uoncretae

"IM - Indicates -m test run.

Tree tfpeu ot factor inbxence ,'lbmer cleaning effectiveneua:
(a) envrqmntnl c1itains, such as sutacte type sad ro sms, cs-
tmainant particle size, an ass loading; (b) aschi characteritica,
such as nozzle design and configuration, stream pattern, ana Wster prs-
sure; (c) operational or procedural qualities, such as fliusind sq-

unew, forward speed, ad directional comtrl.

a. ftr afl enviroimestal condittio, rans. effectivenea is
mlxms vhen both forward nozzles are orientated sAch that the two Jet
stress plansm intersect the surface in au stralght Urns, which is
canted at 55" with the direction of travel. T dip aaWa or the left
front nozzle is 100 an that of tin right front nozzle is WO, and the
dihedral eagles are zero.

b. Por a given smont of effort the rate of reawval as vwll as
lowest final residual ass obtairAble vs a direct function p•rti:Lcle
size and an immrse fLnction cC ans loading.

' ' '' I I l



c. re highest degree of effectiveness ue • aciteved on concrete

surf,=ces, at low fnes8 icuedinrs (20 g/ft2), and with the large particle
size Mnge (J-o-70o).

d. The pr-;iously developed theoretical cleanins equation (dea-

cribed below) fit the data for 13 Out of 22 of the tests.

The conclusioms suggested by the test results are as flows: f
a. The adJus1anto an orientation of the nozzles described In

Section 2.2 of this report can be applied beneficially to Mot c1m-
mrcial street flushers.

b. Under conditions similar to tbose tested, fallout parautarn
and surface type will probably influence flushing effectiveness in the
following way:

(i) High initial mass levels vill be larder to renove than low
Initial ms. levels.

(2) Sll particle sizes vill be maoe difficult, to nemora then
large particle sizes.

(3) Rough asplialt surfaces vill retain a greater residal ass
than screeded concrete surfaces.

c. Motorized f3.wblmg is an effective decontamination procedue
for recovery of extensive paved areae, If the folin "letn art
recoguised and overcame: (1) possible meter sbortage; (2) Insufficiest

oer of flusbers; (3) excessive accuLsatice of flushed ateral du
to high iitial mass levels, or the accelerated build-up cC C3•oad
aterial in an extensive area e.rig a low Initial wss level; atn (i)

the safe handling and ultimate disposal of the flushed aterial.

d. The performance of motorized street fliaher can be remmambly
described by the flasing equation:

M . M + (N'oW) e-3KOCI3"

where N is the residual a (W/t21after finite effort expmwiture 3
IP is the residual ss (g/t) at an infinite effort level
Mo Is the initial ass level (g/ft2 )
Ko is the proporticmalifl ccmsrtalt cx~veeain reux-% riats

E i efortexpended (equipmr, M 04t2)
e-Y-o 3 is the fraction of remoable ass remaliing after

expendivg effort, H.

C



REXRlETW1ION:

Since th, ~:rrr of t,, nonducted represents a very limited

effort, thin, . ic, ii; Inv",tinLatio•n are reconien•el' :

a. Vurther testts should be conducted to explore ponsiihe improve-
ments in flusher design and operating techniques.

b. investigations should be made to determine whether a ccubina-
tion method (such as sweeping followed by flushir3) might show improved

performance on higher mass luedings.

c. Additional tents should be made to determine the effects of
increased speed ani nozzle pressure upon flusher performance.

d. Since the present test data did rot completely substantiate

the cleaning equation, further investigations should be made to either
verify the equation or develop a new one.

e. large-scale tests should be performed on streets extending a

block or more to obtain planning information, incJuding turn-around
losses and 2 c dose factors.

D
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CHAPTER 1

lNTROWDCfION

After the shelter phase, recovery from a land-surface nuclear
weapon detonation requires that proper countermeasures be used during
the various phases of radiological recovery activity. Decontauingtion
is the major countermeasure to be used during the operational recovery
phase which occurs after the emergency phase of shelter protection and
before the long-term recovery phase of' contamination control.

The decontamination procedure to be used in each contaminating
situation depends upon the fallout characteristics, the decontamia•tion
materials and equipment available, and the nature of the surfaces to
be decontaminated. In a land-surface detonation the radioactivity is
associated with the particulate fallout material in such a way that
the prime criteria for decontamination are mass removal and disposal.
In regions where enough water is available for large-scale decontami-
nation, motor flushing could be applicable to cleaning extensive paved
areas such as streets.

The manner in which most motorized flushers are used is not suit-
able for decontamination. The usual dust-bettling spray techniques
are not compatible with high-pressure water transport of deposited
fallout particulate. To determine tile decontamination capability of
a commercially available motorized flusher, one was tected under con-
trolled environments of simulated fallout using optimum machine adjust-
ments which gave the best performance in prfllminary small-scale tests.

I.; BACKGROVUD AND HISTORY

The usefulness of motorized flushers for decontamination was recog-
nized as early as 1952 when operations at San Bruno, 1 using radio-
tracer Y90 in a contaminant of seawater slurry at an initial mass of
78.5 g/ft 2 , required a flushing flow rate of 0.5 p1l/ft to reduce the
initial maos to 3 g/ft 2.



At Operation Stoneman 12 in 1956 conventional motorized flushing
was used on dry simulated fallout at a deposited mass level of 250 g/ft 2 .
Water consumption rates of 0.5 gal/ft 2 were used and produced 2 % resi-
dual mass levels.

At Operation Stoneman II3 in 1958, conventional and improvised
motorized flushing were tested using dry fallout simulant at 10, 33, and
100 g/ft2 initial deposit mass levels. Using improved nozzle adjustments
and higher water pressures than before, the vater consumption rates were
0.12 to 0.16 gal/ft 2 with a residual mass level from 1 to 6 % of the
initiaj mass level.

Motorized flushing at Cp Parks in 1959 and 1960 during Target
Complex Experiments I and II and III was an Integral part of the whole
recovery sequence, so that the individual effectiveness of the flusher
was not determined.

Recently developed concepts of fallout environment show a relation-
ship between deposited initial mass and particle size range. 6  These
model relationships have permitted the systematic selection of simulated
fallout environments for the present evaluation of a motorized street
flusher for decontamination. Previous evaluations of wet decontamination
procedures3, 4 05 and the recently developed concepts of talloaut environ-
ment sismulation6 indicate that the present tests should attempt the
following: (a) to verify previously established wet method decontami-
nation parameter relationships or establish new relationships; and
(b) to determine specifically and separately the effects of deposited
mass level, particle size, and surface roughness on decontamination
effectiveness.

1.2 OBJECTIVES

The present series of motorized flusher evaluation tests vas
intended to:

a. Measure and select the best operative conditions for available
motorized street flushers, including design improve•ents in equipment
and operational procedures.

b. Determine the decontamination effectiveness of street flushers
per!orming at optiisam operating conditions of nozzle orientation, water
pressure, and fornard speed in the removal of fallout simulant of various
particle sizes and mass loading from paved surfaces of asphalt and con-
crete.

2



1.3 APPROACH

The bread scope of the objectives implies a large number of tests
to cover all combinations of parameters for flusher and expected fallout
envirornent. To reduce the number of tests, a fixed optimum combination
of machine parameters was first established. This combination was then
applied to a series )f different fallout environments to determine the
effect of several environmental factors in greater detail.

Optimum machine operating conditions were established as follows:

a. A single intermediate forward speed of 6 mph was selected and
maintained throughout the test series. This speed provides adequate
maneuvering capability and is representative of flusher operation for
a majority of applications.

b. Water pressure was maintained near maximum to impart as much
kinetic energy as possible to the particulate on the contaminated sur-
face.

c. Previous experience and a series of preliminary tests were used
to establish the best nozzle attitude settings, location on flusher, and
use of individual or combinations of nozzles.

Several flushing techniques and sequences of techniques were tried
on the test area before a uniform procedure was adopted which would per-
mit an accurate determination of the effect of environmental factors.

Environmental factor effects were then determined as follows:

a. A special test area was constructed for environment control to
permit measurement of decontamination effectiveness as reflected by re-
sidual mass, using either a material weight balance technique or a radio-
nuclide-traced fallout simulant.

b. Equal areas of asphalt and concrete were used to determine the
effects of surface roughness. Surface roughness of pavements can be
indicated only in a qualitative manner on ý relative basis, since there
is no standardized method of comparing two surfaces in different loca-
tions. For these tests, only one concrete area and one asphalt area
was used to provide an unchanging surface parameter while mass level and
particle size effects were determined.

c. Four available particle size ranges were used at three initial
mass levels Pn conformance with recently developed concepts of fallout
environment.o Table 1.1 shows the estimated range of fallout environments

3



tABL.E 1.1

Estimated Range of Fallout Environment Parameters

Particle Weapon Standard Intensity Initial Downwind Distance
Size Range Yield Masa from Detonation

(P) (KT) Cr/hr at 1 hr) (g/ft ) Point
(MO)

44- 88 -io05 1- 6,400 0.3-192 23 -18)
88-177 1-1o5 48-29,500 1.4-885 8.3-la)

177-350 i-io5 li0-24,000 3.3-72 Ii.o- 8;
350-700 .- 105 154-22,000 4.6-66o 2.2- 77

simulated. Corresponding to each of the size ranges used are the other
environmental factors: estimeted ranges of weapon yield, standard inten-
sity, initial mass level, and downwind distances. The three specific
mass levels (20, 100 and 60 g/ft,2 ) chosen for the tests were within the
estimated ranges predicted by the fallout model. These levels were held
constant so that particle size effects could be determined.

The tneoretical- mplications of test results were analyzed as follows:

An I34-704 computer vas used to correlate test data with the pre-
viously developed cleaning equation. The equation3 in the form

M r .' (M0 - r4) e5 $
1  ElV

was solved for 13 of the 22 tests conducted.* The results are presented
in Section 3.5 showing the estimates of the equation's coefficients
3 Ko and P*.

i.1 SCOPE

The limited fundc available for this project and the effort involved
in getting each data point required a j,'icious expenditure of experimental

Terms of the equation are defined in Section 3.5.i2



TA• E 1.2

Scope of Test Conditions

Mass Loading Particle Size Surface
(g/ft 2) 64) Type

20 4-488 A23 li-88 c
2D 88-177 A
20 88-177 C
20 177-350 A
20 177-350 C
23 350-700 A
20 350-700 C

100 44- 88 A
100 4- 88 c
0oo 88-177 A

100 88-177 a
100 177-350 A
100 177-350 C
100 350-700 A
100 350-700 C
68o 88-177 A
600 88-177 C

A - Asphalt
C = Concrete

effort. Seventy preliminary small-scale tests were run to determine
optimum machine adjustments of nozzle orientation and •ater pressure at
one intermediate speed and the best operational procedure (involving
flushing sequence on the test area and nozzle usage ccmbinaticcu). Then
22 tests vere run to determine the effect of fallout environment pars-
meters of mass level, particle size, and surface roughness on decontami-
nation effectiveness. Eighteen separate test conditions were met as
shown in Table 1.2 Four of the 22 tests were replications.

5



CHA.Ffl 2

TEST PROCIZAJHP AND I3ABURDUWS

Decontamination of paved areas covc:ed with particulate fallout
from a lazA surface burst involves the removal of radioactive particles
from the surface, and safe disposal of the material. The use of water
as a decontaminating agent can best be effected by the ur- of a motor-
ized flusher which washes the contaminant into a ditch or catch basin
or to some collection point where other methods must be used for ulti-
mate disposal. It is therefore of interest and necessary to study the
operating characteristics of motorized flushers to optimize their use
for wet decontamination.

Three types of factors influence flusher cleaning effectiveness.
The first type includes environmental conditions such as weapon deto-
nation conditions, surface type and roughness, and contaminant particle
size and initial mass level. The second type includes machine character-
istics such as forward speed, nozzle design and configuration, and vater
pressure. The third type includes operational or procedural factors
such as contaminant buildup with distance covered, contaminant containment
within the operation area, and ultimate accumulation and disposal of the
contaminant.

The tenacity of adherence of dry solid particulate fallout to a
paved surface depends upon such factors as the force of gravity, par-
ticle size, and surface roughness. Since flushing consists of physi-
cally moving material across the surface to a collection or disposal
point, these factors have an important effect upon the decontamination
effectiveness when applied.

No consideration is given to leaching and exchange of soluble
radionuclides to the surface, since the lallout simulant used is speci-
ally processed to minimize errors introduced in the radiation measure-
ments from this source.

6



'2.1 2T SITE

A special test area was constructed to provide rigid environmentalcontrol during the tests. A section 170 ft long 3n an existing 32-ft
wide asphalt street at Camp Parks, California, was used as a fouodation
for the test area shown in Figs. 2.1 and 2.10. New 8-in. concrete curbs
with 18-in. wide gutter aprons were constructed for lengths of 140 ft
on both sides of the street. One half of the street (16 x 140 ft) vas
paved with concrete, finished' to simulate freeway pavement, and the
other half was resurfaced with asphalt up to the level of the concrete.
A system with grid lines was painted to help with measurement and
identification of areas during the tests.

A system of drainage trenches was built around the periphery of the
newly paved areas, open along the curbs and covered vith steel gratings
across the street to permit unimpeded vehicular traffic. Fobur sus
associated with catch basin gratings in the curb apron were used for
accumulation and recovery of simulated fallout material flushed from
the test ares. Material could be flushed from the test surface for
recovery into 50-gtl drums suspended in each sump, while the excess
water drained to the low point of the system (uswp #2) where it as
pumped to a safe disposal area. FoPr-foot-high splash boards along the
back of the side trencAes controlled the material that splashed over
the curb.

The original intent of this test area was to provide sufficient
control of the fallout simulant so that the material flushed from the
surface could be collected and weighed to determine the effectiveness
on a weight basis. However, the accuracy of the material balance was
of the order of 10 %, which was unsatisfactory for the residual mass
levels achieved (about 1 ) in many cases. Also involved is the common
source of inaccuracy in subtracting two nearly equal values (initial
mass and mass removed).

When the radionuclide-tageing method of measuring residual mass
on the test surface is used, the trenches provide a shielded location
for flushed material so an accurate measurement could be made. The
accumulation of the contaminant in the drainage system also provided
radiation shielding for test personnel during cleanup after each test.
Use of the drainage system may not simulate operation in a real situa-
tion, but it does permit measurement of the effect of mass level, par-
ticle size, and surface roughness on decontamination effectiveness by
eliminating some of the problems experienced in previous tests.
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Fig. 2.1 Special TesL Area taor Evluation of Wet Decontamination
Procedure.
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The t2st area was large enough to permit taking sufficient radia-
ticn readings to establish average values and to sima2ate a possible
operational procedure for the flusher, yet it was small enough to allow
carrying out the tests with a moderate amount of materials and manpower,
and obtain reasonable values for water consumption per square foot.

2.2 DESCRIPTION AND AW1USTMET OF MUSHER

The flusher used for the tests was a World War II vintage machine
which was up-dated with a Uigher-capacity pump and a set of new nozzles.
The features it had in common with most flushers were: (a) a large-
capacity water storage tank mounted an a truck chassis and filled by
hose from a fire hydrant; (b) an auxiliary engine driving a water pump
to provide the required water pressure and flow for the nozzles; and
(c) several nozzles with orientation adjustments and whose operation
is independently controlled by the operator. Detailed specification of
the machine is given in Appendix D.

Pretest speed calibration runs with the flusher resulted in the
performance curves shown in Fig. 2.2. Low- and high-range rear axle
settings could be used with each of the 5 forward gears. 7b" 6-mph
forward speed with the truck engine operating at 1350 rp (transmission
gear L3) was used. An engine tachometer mounted in the cab enabled the
driver to maintain the exact rpa.

The design of a standard flusher nozzle was studied to determine
its applicability to decontamination where high pressure and velocity
with a low flow rate is desirable. Although the nozzle orifice gap
could be decreased to achieve desirable results, it was decided to use
newly purchased and unaltered standard nozzles at the two front nozzle
positions so that the test results would be representative of c ,rci-
ally available and extensively used equipment. The use of a standard
nozzle at the right rear posit' m was not desirable because It provided
neither sufficient pressure nor a confined stream pattern. Therefore a
specially de:;gned* nozzle was scaled up and adapted for use on the
flusher. This nozzle produced a 300 included angle of spray that was a
compromise between the 700 included angle of the standard flusher nozzle
and the narrow stream of a standard fire nozzle., The left rear nozzle
was a standard flusher nozzle used only to wash down the test area splash
boards (Fig. 2.12). The flow rate vs pressure peformance of each nozzle
is shown in Fig. 2.3.

*By W. L. Oven of this laborattwy.
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An infinite number of combinations of nozzle geometries and orien-
tratios vas pw5n ibi. IT*refore a systesitie apprrach to' the selection
of the one combination used for the tests was required. Previous flusher
evaitations indicated that good results --rere obtained when the spray
planes of the two front nozzles intersected the pavement in a -Ingle
straight line to produce a cleaning action similar to that of a road
grader with its blade at an angle t- the direction of travel (Figs. 2.4,
2.5, 2.6). To increase the path width flushed, the left front nozzle
was moved to the extreme left of the machine where it cleaned the full
tread width of the left tires and prevented tracking of contaminant to
clean areas. The procedure for nozzle orientation, applicable to aw
flusher, can be explained by reference to Fig. 2.4. To achieve a road
grader blade action, all compone-ns of the spray velocity should be
directed to the right or toward the gutter ct the street. Therefore t
the two front nozzles were oriented in azimuth so that the left edges
of the spray were parallel to the direction of travel. The dip angle
at which each of the spray planes is depressed from the horizontal was
adjusted so that both spray planes intersected the pavement in the same
straight line at 550 with the direction of travel. 7he 100 dip angle
of the left nozzle vas founM to be most effective from preliminary
sall-scale tests, and the 220 dip angle of the right nozzle was re-
quired to continue the straight line of impact. No nozzle rotation
around the cent•rline of the spriy was considered and the nozzles were
always set so that the dihedral angles were essentially zero. Table 2.1
shows optimum nozzle settings and pressures determined by preliminary
tests. Consistent nozzle orientation was maintained by using the bar
and protractor arrang•m•nt showm in Fig. 2.5. To reduce the number of
variables to be evelbnted, a series of preliminry tests was used to
determine what appeared to be the best procedural method of flushing
contaminant from the two paved test surfaces. The procedure adopted is
described later wwer Section 2.6 and was repeated in as nemrly identical
manner as possible for all tests.

2.3 PROUCJ'IMON OF TILFI S4UWNT

Bulk carrier material for fallout siailant was formulated froua two
types of commercial mend aving pbysical and chemical properties similar
to those of real fallout. hacn type was readily available and could be
easily processed so simulate tin fallouct eanvircents described in
Table 1.1. The medium-to-large particle size fqlout simulant vas ob-
tained from #60 mesh Del Monte sand, a smrfth, weathered, river bottom
material in the size range 105-700 M. h'he smaller particle size range
simnlants were sieved from 44-177 p Vedrou river bottom sand.

12
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Fig. 2.5 Front Nozzle Operation Showing Protractor Bar Used to Obtain
Proper Nozzle Orientation. Protractor points occur every 30 degrees.



Fig. 2.6 Three-nozzle Operation at Settings Used for Evaluation Tests.
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TA 2.1

Optimum Nozzle SettigBs and Pressures

Nozzle: Left Front Right Front Right Rear

Dip Angle: i0O° 220 100

Azimuth Angle: 350 350 150

Pressure (psi)

lit Pass: 40 40 -

2id Pass: 35 35 60

3rd Pass: - 35 60

Note: Forward speed is constant for all passes at 6 m;p.

The radionuci ide Ia140 used to tag the bulk carrier material is.
selected for several reasons. Its energetic gunma sa minimized the
shelf-shlelding effects of the simulant at high initial mass levels,
making the radiation measurements more nearly proporticnal to the mass
present if the specific activity (pc/g) was uniform. Radioactive decay
by a 40.2-hr half-life reduced the residual radiation levels to back-
ground in a few days and permitted reuse of the test apea. Existing
facilities for the preparation and handling of the 1&140 developed for
other reclamation proJects4 ,5 were available at Camp Parks,

Costing the togged bulk carrier with sodium silicate and baking
for 1 hr at 20OOF formed a waterproof glaze which assured that the
activity remained fixed to the bulk carrier so that it was not trans-
ferred to the test surface.

2.4 DISPEUSL OF FALWUT SDWIANT

One of the criteria imposed upon the test conditions was a uniformly
dispersed initial mass of fallout sixulant on the test area. The mass
loading depended upon the fallout environment being simulated.

16
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Uniform dispersal was achieved by using a calibrated, haMd-o.orated
garden spreader (Fig. 2.7; 0. 14. Scott end Sons, Wlrysville, Ohio). The
average initial mass level was determined by weighing the spreaders
before dispersal and again afterwards. The uniformity of dispersal was
vtsually better than that achieved previously with a dump% truck.

2.5 NFASUMPNT TECHNIQUI

All measurement Instrumentation was given an adequate warm-up
perid, and backgro'=nd and cal1bration readings were made whenever test
measurements were made.

Sinulant property measuremeutp wewe made with Rotap machine (W. S.
Tyler Co., Cleveland, Ohio) and standard •1er sieves. Six sieves and
a pan, nested with graduated mesh sizes, were thoroughly rotapped for
10 min to separate a l00-g sample into sieved fractions. Each fraction
was weighed and Its activity measured in the 4-pi ionization chamber
(Fig. 2.8) to determine its specific activity (jic/g). The properties
of each batch mixed are tabulated in Appendix B. Microscopic examina-
tion of the sieve fractions was also used to determin. the size distri-
bution as well as shape, and uniformity of the siealant batches.

Machine variables cf forward speed, nozzle water pressure, and
operational decontamination procedures were controlled for uniformity
in all tests using activity. Forward speed was measured with a cab-
mounted engine tachometer. Nozzle water pressure was measured by probes
at each nozzle. The probes were ni&folded to a pressure gauge in tie
cab where the pressure was manually controlled by the pump engine
throttle. Duplication of operational decontamination procedures for
each test was assured by operator pretest training and familiarization;
and by external direction as thm tests ware being run.

Radiation measurements were made by a specially built mobile,
shielded, guns scintillation detector (Fig. 2.9). Th. radiation de-
tection element was a NaI (Tl) scintillation crystal (1 in. diameter
by I in. thick) that was coupled to a photomLitiplier tube, all con-
tained within a 6-in.-thick lead shield. A collimated aperature per-
mitted entrance of radiation into the nensitive volume. The power
supply, associated electronics, end printout system, as well as the
shielded detector, ware trailer mounted for mobility.

The effectiveness of the decontamination procedure was determined
by ecoaring radiation masurments before and after each event.

17



Fig. 2.7 Dispersal of Synthetic Fallout on Test Area by Hand-pulled
Garden Spreader.
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Fig. 2.8 4-pi Ionization Clamber
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Pig. 2.9 Measuring Radiation Intensity of Synthetic N3J~out with
Scint±J-Jtiox Clountcer and H6ad-held radiac.



Reliability in the measuremenr.. .- de with theb shielded detector vas
provided for by recordlng a series of r ) 1-minute counts in the follow-
ing sequence:

a. Count a Co60 radiation standard; to determine the overall
response of the Instrument.

b. Cowut a sample from the synthetic fallout simulant batch to
check simulant decay.

c. Count at each of the monitoring stations on the test area to
collect data.

d. Repeat steps a and b as a further check on instrument response
and decay.

The above four-step sequence was carried out for each test to measure
the bacgxj-und, initial sass, and mass rosining after successive flush-
ing passes. Time of day was recorded for each pair of counts to facili-
tate C.ecay correction.

Hane.-held portable radiacs, ANPDR-39 (TIm), were used as a che-ck
or the mobile skIdelded detector and for general monitoring pirposes,
sucn as controlling radiation dosage to personnel during preparation
and dispersal of the aimulant.

The 4-pi ionization chamber was used to assay the gross and sieved
samples of the fallout sisalant. It also followed the radioactive decay
of each simulant batch as a check on radionuclide parity.

a.6 =Tz picmus

Bach of the tests with radioactive fallout simulant was conducted

on a concrete or asphalt surface at initial -=ss level, particle size
range, forward speed, and operational sequence required by the test
conditions as follows:

a. Radiation background measurements were made as described in
Section 2.5.

b. Synthetic fallout material of the desired particle size range
and wass level was dispersed over ae aram 15.5 x 90 ft, as described in
Section 2.4.
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c. Initial mass level radiation measurement were made as described
In Section 2.5.

d. One flushing cycle of the entire test area wa made, consisting
of 3 passes (as shown in Fig. 2.10) and described as follows:

i. First lsss at crown of 1alf-contaminated street, using both
front nozzles at 40 psi to flush contaminant forward and
toward the gutter.

2. Second pass alongside the gutter using 3 nozzles (Fig. 2.11),
front nozzles at 35 psi and right rear nozzle at 60 psi,
with a slIght overlap of area cleaned on first eass.

3. Third pass in the gutter against the curb using two nozzles,
right front at 35 psi and right rear at 60 psi, to flush
material into catch basin or beyond test area.

4. All material flushed beyond test area vas washed by fire-
hose to catch basins and sumps, so that it would not con-
tribute to radiation readings on test area. Contaminant
vas flushed from side boards into drain ditches as shown
in Fig. 2.12, using left rear nozzle.

e. Radiation measurunents were made as in Section 2.5.

f. Second flushing cycle was cmcpleted as in (d).

g. Final radiation was wmasured as in Section 2.5.
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Fig. 2.11 Second Flushing Pass at Curb Using Three Nozzles.



Fig. 2.12 Flushing Contaminant Fro Side Splash Boards into Drain Ditch
Before Taking Radiation Reading on Test Surface.
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